We investigated the stability of monazite and allanite as a function of bulk rock composition within several types of tertiary Alpine anatexites, characterized by different compositions and melting reactions, but similar P-t conditions of melting. the investigated rocks consist of: (1) orthogneisses in which the melting reaction was triggered by water infiltration from the bergell pluton; (2) anatectic tonalites, which were affected by water-assisted melting; and (3) metapelitic migmatites, which underwent muscovite dehydration melting. the studied anatexites cover a large range of ca contents and water activities during partial melting, and allow an assessment of how much these parameters affect the stability of accessory phases. the different melting reactions that affected these rocks generated different water activities during the meltpresent stage; they were highest in the water-saturated, contact metamorphic anatexites, and lowest in the metapelitic anatexites that underwent dehydration melting. these differences go together with different accessory phases within the migmatites. Whereas metapelitic anatexites only contain monazite, anatexites derived from tonalitic and granodioritic protoliths mainly contain allanite. this is consistent with observations made on tertiary Alpine anatexites, suggesting that the growth of specific accessory phases is determined by the water activity and ca content during melting.
Introduction
the stability of accessory minerals is a key to understand the geochemical evolution of crustal rocks during melting and crystallization, because rEE are almost completely hosted in these minerals (e.g., Miller & Mittlefehldt 1982; Watt et al. 1996) . some of these minerals, e.g., allanite, zircon and monazite, are frequently used geochronometers; hence a good petrologic constraint on their formation has important implications for the correct interpretation of isotopic ages. Whereas analytical errors of age determinations have become increasingly small, the geologic interpretation of these isotopic ages still remains uncertain, because the criteria relating a specific geologic event to a measured datum are generally lacking. the problem concerns the distinction between mineral phases formed during melting or during crystallization of migmatites. this distinction is fundamental when dating these minerals from migmatites, because the long residence time of melt in the deeper crust (10 6 -10 7 yr, rosenberg et al. 2007 ) makes it difficult to attribute the analytically precise ages to a specific geologic process within a long-lasting period of crustal melting. better constraints on the phase relationships of accessory minerals are needed before isotopic ages can be accurately coupled to specific, possibly short, intervals of a P-t path. recent studies controversially discussed the effects of temperature and bulk chemistry on the phase stability of monazite and allanite (e.g., rasmussen, 2006) . Whereas the investigations on metamorphic rocks emphasised the role of temperature on the stability of these accessory phases, the effect of ca was stressed as a controlling factor within magmatic systems. In metapelitic systems, several investigations indicate that the transition from monazite to allanite and back to monazite occurs between low grade and amphibolite grade conditions (smith & barreiro 1990; Wing et al. 2003; tomkins & Pattison 2007; Janots et al. 2007 Janots et al. , 2008 . In addition to the temperature, the ca content is known to play a major role in the stability of monazite and allanite (e.g., Wing et al. 2003 , Janots et al. 2008 . Within magmatic rocks, where the crystallization temperature of monazite and allanite are relatively close (e.g., Lee & silver 1964; casillas et al. 1995) , the ca content is the factor determining which of these accessory phases is stable. Indeed, the occurrence of allanite inclusions within monazite has been attributed to changing ca activity during the crystallization of granite (broska et al. 2000) . In addition, monazite is widespread in peraluminous, ca-poor granitoids, whereas allanite and titanite dominate in calc-alkaline granitoids (e.g., Lee & silver 1964) . Migmatites are suitable for a combined study, where the role of temperature and composition (e.g. ca content) on the stability of monazite and allanite can be tentatively assessed. Migmatites consist of alternating rock portions of different compositions on the scale of hand specimens (mesosomes, melanosomes and leucosomes). Despite the variable compositions of the protoliths, the newly formed partial melts are relatively similar in composition (Johannes & Holtz 1996 and literature therein) . A better understanding of the stability of allanite and monazite requires new thermodynamic data (Janots et al. 2007 ), but petrographic data on natural samples are also helpful (e.g., Petrik et al. 1995; Franz et al. 1996; Förster 1998; Förster et al. 1999; bea & Montero 1999; broska et al. 2000) .
the aim of this contribution is twofold: (1) we investigate the influence of the bulk composition and the fluid content on the stability fields of monazite versus allanite by comparing the occurrence and texture of these phases in migmatitic rocks affected by similar P-t conditions, but having different bulk compositions; (2) we use these petrological results to draw some conclusions about the preservation of allanite and monazite during partial melting, and about the preservation of isotopic ages older than the anatectic event. We test these results with single-grain monazite ages in the central Alps, where previous age determinations on other mineral phases can help to assess the meaning of our monazite U-Pb ages from migmatites and to validate our interpretation.
Geological setting and sample descriptions
the studied anatexites are exposed in two areas of the central Alps. One area is located in a tectonic window at the base of the bergell Pluton ( Fig. 1; berger et al. 1996) , where contact metamorphism induced partial melting in the immediate vicinity of the pluton. A second area is part of the southern steep belt (ssb; Fig. 1 ), where tertiary regional metamorphism locally induced partial melting within a lithologically heterogeneous series.
Migmatites from the Bergell area
the bergell pluton is a deep-seated, calc-alkaline intrusion, syntectonically emplaced along a nappe boundary, between Penninic and Australpine units (Fig. 1; rosenberg et al. 1995; berger et al. 1996) . A tectonic window (e.g., Davidson et al. 1996) exposes the base of the pluton and its migmatised country rocks. Within these rocks of granodioritic composition, biotite is the only rock-forming Fe-Mg mineral in the restite and in the protolith, indicating that melting did not involve this hydrous phase. In addition, the lack of phases related to incongruent melting (see detailed discussions in rosenberg & berger 2001, berger & rosenberg 2003 and berger et al. 2008) suggests that melting occurred by a fluidassisted reaction and not by dehydration melting. In these rocks melting results from infiltration of a free aqueous fluid, which attacked plagioclase, quartz and K-feldspar. based on thermal modelling of the contact metamorphism (trommsdorff & connolly 1996) and on the absence of dehydration melting reactions, the melting temperature is constrained to approximately 700 °c (Johannes & Holtz 1996; rosenberg & berger 2001) .
the protolith as well as the leucosomes and residues of these anatexites are exposed in structural continuity (rosenberg & berger 2001) . In the following, we describe the composition of these rocks with special emphasis on the occurrence, fabric and composition of the accessory minerals. Detailed textural and compositional descriptions of the major and minor element chemistry of the bulk rocks bM5, bM6, bM7, bM8 and bM17 are given by berger and rosenberg (2003); see also tables 1, 2.
the protolith is an augengneiss consisting of K-feldspar, plagioclase, quartz, biotite and ilmenite. the X Mg (Mg/Mg + Fe) of biotite is ~0.37, and the tiO 2 content is close to 3 wt% (table 1) . the main accessory minerals are allanite, zircon and apatite, whereas monazite is absent. the allanites are 400-750 µm in size and some grains show patchy zonation. they are characterized by ∑rEE of 18.3-24.4 wt% and by thO 2 contents of 1.5-1.7 wt% (table 3) . Locally, small inclusions (<10 µm) with a composition corresponding to huttonite and thorite (see table 4 for mineral analyses) are hosted in the allanites (Fig. 2) . these inclusions occur as a single-phase or as symplectitic intergrowths with apatite (Fig. 2) . the leucosomes are dominated by quartz, plagioclase and alkali-feldspar. biotite is rare in comparison to the meso-and melanosomes. the X Mg of biotite is higher with respect to the protolith, whereas the tiO 2 content is similar to the remaining parts of the anatexite. Accessory minerals are zircon, apatite and monazite. In contrast to the protolith, allanite is absent. the residue is enriched in biotite and plagioclase whereas alkali-feldspar is rare or absent. Plagioclase has higher An contents compared to the protolith and leucosome (table 1; rosenberg & berger 2001) . Accessory minerals are mainly monazite, allanite, apatite, zircon and occasionally xenotime. the amounts of monazite, apatite and zircon are higher than in the protolith as indicated by higher concentrations of rEE (berger & rosenberg 2003; their Fig. 9a ). Monazite, which is the main LrEE mineral, is locally overgrown or replaced by allanite (see Fig. 2b ). the th content of these allanites ranges between 0.1 and 1.4 wt% (see table 3 ) and their textures suggest a reaction of monazite to allanite (Fig. 2b ).
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Migmatites from the Southern Steep Belt (SSB)
the ssb ( Fig. 1 ) consists of peridotites, amphibolites, orthogneisses and metapelites, all displaying a strong, uniform fabric (e.g., Engi et al. 2001) , acquired under amphibolite facies conditions and largely preserved without a retrograde overprint. Migmatites of Alpine age locally occur in the ssb. they contain discordant leucosomes as veins and patches which preserve magmatic fabrics and point to crystallization from a partial melt. the metamorphic conditions of partial melting were estimated at ~700 °c and 0.7-0.8 GPa (burri et al. 2005) . Within the ssb we investigated two types of anatexites, one of primary tonalitic-granodioritic, and one of primary pelitic composition.
Migmatites with tonalitic protolith
two different samples were investigated, which are located relatively close together (samples Ar9902, 7A85; see table 1). the leucosomes of these rocks consist of plagioclase, quartz and minor amounts of K-feldspar and amphiboles. the mesosomes are rich in biotite, plagioclase and amphibole (Fig. 3a) . the amphiboles are homogeneous in composition with X Mg of 0.5 to 0.53 and do not show any systematic compositional change between meso-and leucosome. Occurrences of amphibole in partially molten rocks are described from different places (e.g., büsch et al. 1974; Mogk 1992) , and experimental data show that this phase is only stable under water-assisted melting conditions (Gardien et al. 2000) . Hence we interpret the amphiboles as incongruent reaction products of waterassisted melting (Gardien et al. 2000; berger et al. 2008) . such a reaction can be written as:
Allanite is the most common accessory mineral, and its abundance is higher than in the bergell anatexites (Fig. 3b ). Zircon and apatite are also present, whereas monazite is completely absent. the th and rEE contents of allanite are relatively low (table 3; Fig. 3b ).
Migmatites with pelitic protolith
In close proximity, migmatites also occur which have a metasedimentary protolith. the rocks are characterized by biotite, quartz, two feldspars, garnet and/or sillimanite. this characteristic mineralogy reflects the bulk-rock composition showing elevated Al and intermediate ca contents (tables 1 and 2). the physical conditions of melting are inferred to be similar to the aforementioned ca-rich rocks, because they are only a few hundreds of meters apart and no faults separate them. the melanosomes are dominated by biotite and minor amounts of garnet and plagioclase ( Fig. 3d ), whereas the leucosomes are dominated by K-feldspar, plagioclase and quartz. Aluminosilicates occur in both portions of the migmatite. the compositional range of the plagioclase overlaps between leucosomes and mesosomes (see different situation in the bergell migmatites). the similar plagioclase compositions in leucosomes and mesosomes are most likely related to the crystallization processes in these migmatites. the growth of aluminosilicates combined with the occurrence of K-feldspar-rich leucosomes suggests a dehydration-melting reaction of the following type:
Muscovite + biotite + Quartz + Plagioclase (I) = Garnet + Plagioclase (II) + melt ± Aluminosilicate (2)
Monazite and apatite are common both in the meso-and melanosome. the th content of monazite is ~2.2 wt% (table 4). In the leucosomes, monazite is also the stable LrEE phase and allanite is absent in all parts. the mesosomes of these samples are rich in apatite and also contain zircon (Fig. 3d) .
Results
Analytical procedures
the mineral chemistry of allanite, huttonite and monazite has been analysed with a cameca sX50 electron microprobe, at operating conditions of 25 kV and 50 nA. the following elements were measured: Na(Kα), Mg(Kα), Al(Kα), si(Kα), . bulk rock contents of sr, rb, ba, Pb, Ni, V, Zr, Zn and Y were determined by standard X-ray fluorescence on glass pellets. Whole-rock rEE values were obtained by IcP-Ms at Activation-Labs (canada). the separation of leucosomes and mesosomes in hand specimens was done on structural criteria. Hence, the sample volumes were sometimes small.
Composition of accessory phases
the allanites of the protolith in the anatexite from the bergell area have a relatively high th content (~1.7 wt%) and their microstructure shows the exsolution of a th-rich mineral with a high content of LrEE ( Fig. 4; table 4 ). the measured composition of this mineral (see table 4) is consistent with thorite or huttonite (both thsiO 4 ). In general, th contents of allanites commonly range between 0.2-1.7 wt% thO 2 , (e.g., Deer et al. 1982; catlos et al. 2000; Wood & ricketts 2000; Poitrasson 2002) . the allanites from the protolith contain 1.4-1.7 wt% thO 2 which is close to the maximum values of th contents reported in the literature (see above; Fig. 4 ). the exsolution of th into thoriumsilicate suggests also that these grains attained their maximum th solubility. this is further supported by the high th content in the allanites.
Epidote/allanite in the tonalitic samples of the ssb is poor in rEE and th (samples Ar9902, 7A85; table 3, Fig. 3b ). these minerals are zoned from intermediate rEE contents to pure epidote. Plotting these mineral compositions in a clinozoisiteepidote diagram (Fig. 4c) , shows that the allanites from the tonalitic anatexites and the bergell area are different. In the ssb migmatites, these minerals show a higher clinozoisite/ferriepidote ratio than in the bergell samples. this mineral chemistry suggests that: (1) the modal abundance of the epidote group minerals controls the allanite component in the grains; (2) the higher clinozoisite/ferriepidote ratio indicates oxidizing conditions in the ssb samples ( Fig. 4 ; cf. Petrik et al. 1995) . the composition of monazites in the migmatites from the bergell area is homogeneous. In contrast, the monazites from the pelitic migmatites in the ssb exhibit variable Y contents. several grains show high Y concentrations in the core and low Y at the rims, but the opposite has also been detected. the Y content in monazite depends on temperature (Pyle & spear 2000 , Pyle et al. 2001 , and different Y contents have been related to different metamorphic stages (e.g., Pyle & spear 2003) . the variation in yttrium contents in our monazites may also be related to different metamorphic stages, which is consistent with the inheritance found by single grain isotope dating (see below; see also berger et al. 2005) .
Bulk rock composition
We measured the major and the trace element contents of the migmatites by separating them into macroscopically homoge- 
Single-grain isotopic ages
In order to investigate the possible preservation of old accessory grains upon melting, we analysed the U-Pb isotopic composition of monazites from the metapelitic migmatites of the ssb (see also table 5). We used two techniques to separate monazite grains from their matrix. some grains were separated conventionally by crushing the rock samples and separating the monazites with heavy liquids. two grains were drilled out of a thin section. the weight of individual grains and the measured concentrations of U and Pb are shown in table 5. the drilled grains have higher analytical errors caused by common lead contamination by the glue. the measured ages spread between 30.78 ± 0.14 and 28.10 ± 0.28 Ma (Fig. 5) (table 5) . the discordancy is interpreted to be related to the presence of a Yrich core of an older age (Fig. 5) . the other grains yield points above the concordia. this is related to preferential uptake of 230 th during the growth leading to parentless excess 206 Pb (schärer 1984). crystallization of monazite in the presence of melt commonly produces grains that lie above the concordia (see Hawkins & bowring 1999; Kalt et al. 2000) . However, the geological meaning of these ages remains unclear, because the accessory phase of interest (i.e. monazite) is stable over a large time interval during metamorphism (e.g., Kelsey et al. 2008) . single grains (without inherited cores) may preserve the age of their prograde growth, the growth during the melting stage or retrograde reaction replacing other phases. Monazite grains that underwent some degree of Pb loss by diffusion or during retrograde recrystallization will be situated along a lead-loss trajectory in the concordia diagram, resulting in most cases in a normal discordancy below the concordia. solid-state recrystallization of monazite during the retrograde path can be excluded, because this process should also affect other minerals, but no retrograde recrystallization textures are observed. Alternatively, these grains may be a product of solid reactions along the prograde path at lower temperatures. However, the missing reaction textures, as shown for the accessory phases in the bergell migmatites, make this interpretation unlikely. therefore, monazite ages obtained on metapelitic migmatites most likely yield the time of their crystallization during the migmatite stage.
Discussion
Stability and composition of LREE minerals as function of Ca content of the bulk rock
the role of bulk chemistry on the stability of monazite is under debate (see for example Wing et al. 2003; Fitzsimonis et al. 2005; rasmussen et al. 2006; Janots et al. 2007 Janots et al. , 2008 . the samples of the present study are characterized by different compositions, but similar P and t conditions during melting. therefore, comparing the occurrence of monazite and allanite, their textural relationships and isotopic signatures in the three groups of anatexites described above will give first indication of the phase relations between allanite and monazite. It has been proposed that the formation of monazite in metapelites depends on the type of metamorphic reactions, which in turn depend on the bulk composition, in particular on the Mg/Fe ratio and Al saturation in metapelites (e.g., Fitzsimonis et al. 2005 ). In contrast, in meta-granitoid systems, where the stability of accessory phases is controlled by ca activity, the role of the feldspars may be more important than changes in the Mg/Fe ratio (see for example broska et al. 2000) .
In this study, we have the possibility to compare the occurrence of LrEE phases in newly developed melt from different protoliths (mainly granitic) and mesosomes related to different protoliths. the bulk compositions of these different mesosomes are different, but comparable (see Fig. 6 ). In order to investigate the effect of ca content on the stability of allanite in our sample series, we plotted the ca/si ratio of the bulk rock chemistry against (K + Na)/Al (Fig. 6a) as a proxy for their melting behaviour. this can be done, because melting mainly effects the quartz-feldspar components. the combination of figures 6a and 6b also shows the similarities of melts produced in different anatexites and the similarity of the mesosomes, despite the difference in protoliths. the similar compositions of the mesosomes in metasedimentary and metamagmatic rocks are caused by the relative high ca content in the metasediments. Previous studies on the role of bulk chemistry on the stability of monazite versus allanite concentrated on metasedimentary rocks (e.g., Wing et al. 2003; Fitzsimonis et al. 2005) . In figure 6b the ca content is plotted against the Al content of the whole rock (cf. Wing et al. 2003) . In this figure, the stability limit of monazite and allanite is shown, which is slightly different to the proposal of Wing et al. (2003) . the data from the migmatites represent the effect of ca content expressed as the role of anorthite content in the feldspars (see Fig. 6 ). the presentation of phase stability in such a simple chemical projection may not help to understand the stability in P-t-X space. several examples show a stronger effect of temperature rather than composition on the stability of monazite versus allanite (e.g., rasmussen et al. 2006) . the present study indicates the additional role of ca and H 2 O activity on this problem. A better understanding of the stability of accessory phases requires more complete Pt-X diagrams as shown by Janots et al. (2007) .
However, the stability of accessory phases can be discussed within a chemical system consisting of caO, FeO, Fe 2 O 3 , Al 2 O 3 , siO 2 , H 2 O, rEE 2 O 3 and P 2 O 5 . the stability fields of the phases formed in such a system can be graphically illustrated using quartz and apatite as excess phases and the following components (Fig. 7a) In order to obtain a 2D representation, we have simplified this system by combining Fe 3+ and rEE (Figs. 7b-c) . the stability fields of each investigated anatexite and those of the individual portions (leucosome, protolith and residue) of the bergell area In addition data of Wing et al. (2003) are plotted. the bold grey lines divide allanite-dominated from monazite-bearing samples studied. the dashed grey line is the boundary found by Wing et al. (2003) . 
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A ll a n it e M o n a z it e SSB tonalitic migmatite figure 7 . In the bergell anatexites, the tie lines of the protolith cut the tie lines of the residue (Fig. 7b) , indicating that the residue became enriched in ca. considering that the compositions of allanites in the residue and protolith are similar (table 3) , we conclude that the ca enrichment did not control the mineral chemistry of the allanites. the overgrowth of allanite on monazite in the residue (Fig. 3) indicates that monazite can be stable also at higher ca contents. therefore, in addition to ca, other parameters such as water activity control the stability of the accessory phases.
Water activities at different stages of melting and crystallization
Monazite is a water-free phosphate, whereas allanite is a waterbearing silicate. therefore, beside pressure and temperature, the stability of these minerals depends on water activity and oxygen fugacity (e.g., schmidt & thompson 1996 and schmidt & Poli 2004 for epidote). In general, water activity during partial melting and crystallization evolves according to the following three stages:
1) pre-melting stage: water activity is determined by the composition of the free fluid phase. 2) melt-present stage: water activity is defined by the water dissolved in the melt and, if melt solubility is exceeded by the additional fluid phase (water solubility in melt depends mainly on pressure, which in this study is always the same). At this stage water activity is different in the different selected examples. 3) crystallization stage: water activity increases again due to the release of a free aqueous fluid from the crystallizing melt.
In the following, we qualitatively constrain water activities in each of the investigated migmatites in order to assess whether the occurrence of allanite and/or monazite is directly related to the water content during melting. Water activities in the anatexites of the bergell aureole may be constrained with the aid of experimental results performed in the quartz-feldspar system (Johannes & Holtz 1996) . Assuming that the water content needed to generate a given melt fraction in experiments is equal to the melt fraction generated in nature, one can estimate the melt fraction in nature and hence constrain the water content in comparison with the experimental results. the melt fraction formed during anatexis in the bergell aureole is inferred to be 0.32 by subtracting the residue composition from the protolith composition (berger & rosenberg 2003) . Excluding dehydration melting on the basis of petrographic evidence discussed above, such a melt fraction requires 6.5-7 wt% water at 0.6 GPa (Johannes & Holtz 1994) . the occurrence of amphibole as an incongruent melting product in the tonalitic anatexites of the ssb (samples 7A85, Ar9902) points to water-assisted melting (Gardien et al. 2000) , hence lower water activities compared to water-saturated melting of the anatexites in the bergell area. by analogy with experiments performed on similar rock compositions (Gardien et al. 2000) , we infer that amphiboles and melt were stable at water contents of approximately 3 wt% in the bulk system. In the metapelitic rocks of the ssb (reaction 2), water was generated by the breakdown of hydrous phases during dehydration melting, and hence this water was immediately incorporated into the melt. therefore, compared to the bergell anatexites, the ssb rocks are inferred to have had the lowest water activity during melting.
Consequences of phase stability on geochemistry and geochronology
On the basis of the relationship between bulk composition, water activity, occurrence of specific accessory phases, and melting reaction of the migmatites investigated (table 6), we distinguish the three following types of anatexites: (1) rocks with intermediate ca contents, which underwent partial melting at high water activity (migmatites from the bergell area), show a transition from the stability field of allanite to that of monazite upon melting; (2) ca-rich rocks (tonalitic migmatites of the ssb), which underwent partial melting with intermediate or high water contents during the melting stage; and (3) rocks, which underwent dehydration melting (metapelitic migmatites of the ssb) at low water concentrations in the melting stage.
these three types of anatexites (table 6) indicate that the stability of the accessory phases is influenced by the ca content of local rock compositions and the water activity during melting and crystallization. In terms of resetting of isotopic systems and equilibration of LrEE between accessoric phases, these rock types are expected to behave differently. Equilibration and age resetting are most effective in grains formed by mineral reactions. the nucleation and growth of new accessory phases is most likely in rocks with intermediate ca contents (type 1: migmatites of the bergell area) because the dominant LrEE mineral (allanite) becomes unstable upon melting and leads to the new crystallization of monazite. In contrast, in migmatites of type 2 and 3, relicts of previous LrEE-phases may survive during melting and crystallization. therefore, age relics (berger & rosenberg 2003) . therefore, preservation of relic ages in the accessory phases of these migmatites is not expected. In the metapelitic migmatites of the ssb (type 3), single grain isotopic data indicate the preservation of an inherited core, which is consistent with the interpretation that the variable yttrium contents are related to different metamorphic stages (table 4) . this yttrium zonation is most likely related to changes in temperature (Pyle et al. 2001) , and indicates different metamorphic stages. the U-Pb data from one grain show that Variscan monazite grains can survive throughout the Alpine, high-temperature metamorphism in these types of migmatites (Fig. 5) . this is consistent with the aforementioned interpretation, suggesting that accessory phases may not be completely destroyed if anatexis is driven by dehydration melting (see also rubatto et al. 2001) . some monazites in metapelitic migmatite show a chemical and age zonation, in contrast to other grains which are homogeneous and are located above the concordia (Fig. 5) . As discussed above, these data points indicate preferential uptake of th during crystallization, and are most likely crystallization ages related to partial melting and crystallization (cf. Kalt et al. 2000) .
The significance of the ages for the Alpine orogen
constraints on the time of residence of melt in the southern steep belt are important to understand the geodynamic evolution in the tectonic accretion channel (tAc; Engi et al. 2001; Fig. 8) and to estimate the temporal range of the melt-induced strength decay of the crust at the time of deformation. U/Pb ages of aplites and pegmatites from the ssb cover a time span between 32 and 22 Ma (romer et al. 1996; schärer et al. 1996; Gebauer 1996) . the analyzed, newly grown monazite grains in leucosomes of the metapelitic migmatites yield 207 Pb/ 235 U ages spreading between 28.10 ± 0.28 and 30.78 ± 0.14 Ma, i.e. consistent with previous investigations. these data indicate monazite formation within a time-span of at least 2.26 Ma between the youngest and oldest grain. Attributing the ages characterized by excess 206 Pb to crystallization from the melt, implies that melt was present in the migmatites over several million years, as previously inferred for the adjacent calc-alkaline bergell pluton ( Fig. 8 ; Oberli et al. 2004) . this result suggests that longterm weakening was not restricted to the individual plutonic bodies, but to the entire migmatitic crust of the ssb.
Our new age data on the monazite of the metapelitic migmatites of the ssb can also be used to better constrain the timing of barrovian metamorphism of the central Alps. the investigated migmatites are part of a barrovian metamorphic sequence (see Niggli 1970; todd & Engi 1997; Fig. 8) .
Within the migmatites and their related aplites, the ages vary between 32 and 22 Ma (Hänny et al. 1975; Gebauer 1996; schärer et al. 1996; Fig. 8) . the aforementioned zircon sHrIMP data, monazite multi-grain analysis and the here presented monazite single-grain analysis overlap. this indicates that the ssb records possibly a long time interval (7-10 Ma) of high-grade metamorphic conditions including partial melting (see burri et al. 2005 and berger et al. 2008 for structural discussion).
Conclusions
the petrologic and microstructural investigation of migmatites with different bulk compositions showed that they formed by different melting reactions under similar P-t conditions. the described variable stability of accessory phases is related to the factors of chemical composition and water activity during crustal melting. the comparison of the accessory phases and Ma their textures in tonalitic and metapelitic migmatites shows that ca activity exerts a major control on the stability of allanite versus monazite. based on the inferred water contents of the rocks upon melting, we show that high water activity is also crucial for the stability of allanite under P-t conditions of 650-700 °c and 0.6-0.7 GPa (see also Fig. 6 of Janots et al. (2007) ). the present results shed some light on the criteria generally used to interpret isotopic ages measured on accessory mineral phases (e.g. monazite and allanite). If the H 2 O and ca activities of the protolith and the melt are similar, as in the anatexites of type 2 and 3, the relic accessory phases -and hence ages older than the melting event -are to be expected. In contrast, high water activity during melting leads to the growth of new accessory phases (monazites) at the expense of the older ones (allanites), and deletes the pre-melting isotopic age of the rock. therefore, knowledge of the melting reactions and water activity of the anatexites may be of prime importance for the geological interpretation of isotopic ages of migmatites.
the present study also constrains the residence time of syntectonic partial melts in the Alpine crust of the ssb. the age data range from 30.78 ± 0.14 to 28.10 ± 0.28 Ma and are interpreted to constrain the occurrence of partial melts over more than two million years in the southern steep belt of the central Alps. the variation of data in one sample may also help to interpret the variation of literature data.
